Experimental evolution is becoming a popular approach to study the genomic selection re-2 sponse of evolving populations. Computer simulation studies suggested that the accuracy 3 of the signature increases with the duration of the experiment. Since some assumptions 4 of the computer simulations may be violated, it is important to scrutinize the influence of 5 the experimental duration with real data. Here, we use a highly replicated Evolve and Rese-6 quence study in Drosophila simulans to compare the selection targets inferred at different 7 time points. At each time point, approximately the same number of SNPs deviated from 8 neutral expectations, but only 10 % of the selected haplotype blocks identified from the full 9 data set could be detected in the first 20 generations. Those haplotype blocks that emerged 10 already after 20 generations differ from the others by being strongly selected at the begin-11 ning of the experiment and display a more parallel selection response. Consistent with previ-12 ous computer simulations, our results demonstrate that only Evolve and Resequence exper-13 iments with a sufficient number of generations can characterize complex adaptive architec-14 tures. 15 16 18 19
INTRODUCTION
; Schlötterer et al. (2015) ) -has become a popular approach to study the genomic re-25 sponse to selection and to identify adaptive loci. E&R has been applied to various selection 26 regimes, such as virus infection (Martins et al. (2014) ), host-pathogen co-adaptation kou et al. (2019) ), thermal adaptation (Orozco-Terwengel et al. (2012) ; Barghi et al. (2019) ), 28 or body weight (Johansson et al. (2010) ). A wide range of experimental designs have been ations in 10 generation intervals, to investigate the impact of the experimental duration on and time points. Although coverage heterogeneity among sites will change the confidence 122 in the estimates of the allele frequency change, the average dynamics of relative significance 123 allow us to determine whether the robustness of a putative selection response increases with 124 time. Thus, we also evaluated whether candidate SNPs in a given window had a similar sig-125 nificance rank. For each candidate window we created a ROC-like curve (similar to Jakšić 126 and Schlötterer (2016)) by ranking the candidate SNPs by their p-values -the most signifi- (Franssen et al. (2016) ). The reconstructed haplotype blocks were further validated with ex-133 perimentally phased haplotypes from ancestral and evolved populations (Barghi et al. (2019) ) 134 and 96 % of the reconstructed haplotype blocks could be confirmed by the experimentally de-135 rived haplotypes. This suggests that reconstructed haplotype blocks provide a robust set of 136 linked candidate SNPs. 137 Taking advantage of this additional confirmation of the candidate SNPs in a selected haplo-138 type block, we developed a third measure of similarity between time points. We determined 139 the fraction of candidate SNPs comprising a haplotype block that were also discovered at a 140 given time point (haplotype block discovery rate, HADR) using the poolSeq R-package (Taus   141   et al. (2017) ). We note that inference of selected haplotype blocks at each generation does 142 not provide a good alternative to HADR, as the ability to cluster SNPs into haplotype blocks 143 is dependent on the number of time points (Franssen et al. (2016) ), resulting in less power at 144 early time points compared to later ones. 146 We applied hierarchical clustering (Pollard and Laan (2005) ), PCA and kmeans (Hartigan and 147 Wong (1979)) to group haplotype blocks based on their HADR patterns. The hyper-parameter 148 k, which determines the number of clusters, was set to 5 based on the gap statistic (Tibshi-149 rani et al. (2001) )and k-means clustering resulted into a group of 10 haplotype blocks with 150 elevated HADR in generation 20 ( Figure S2 ). This group of 10 haplotype blocks can also be 151 separated from other haplotype blocks by the first principal component of a PCA applied to 152 HADR from generation 10 to generation 50 ( Figure S3 ). We refer to the haplotype blocks in 153 this cluster as early detected haplotype blocks (EDHAs reconstructed selected haplotype blocks ( Figure 1 ). The similarity of inference between two 197 time points was determined by the Jaccard index (J), ranging from 0 (no overlap between two 198 SNP sets) to 1 (sets are identical). We found that all candidate SNP sets are more similar than 199 expected by chance. The Jaccard index ranged from 0.08 (generation 10 vs generation 60) to Figure 2A ). The monotonic increase in similarity with time shows that more 206 similar selection patterns are detected at later generations. While this suggests that outliers SNPs see Figure S8 ). Apart from highlighting the more robust selection signatures with an 271 increasing number of generations, this analysis raises an important concern about the use-272 fulness of meta-analyses on the SNP level. With less than 5% of the SNPs being shared in the 273 same selection experiment, it will be extremely difficult to compare studies that started from 274 different founder populations and were selected for a different number of generations.
Early Detected HAplotype blocks (EDHAs)
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We repeated the analysis for windows and determined the number of selected windows that This study focused on the comparison of selection targets detected at early and late time 287 points. Since analyses based on single SNPs are very stochastic, we investigated the fraction 288 of candidate SNPs comprising a haplotype block that were also discovered at earlier time 289 points (HADR). We detected 10 haplotype blocks with elevated HADR in generation 20 (early 290 detected haplotype blocks, EDHAs, Figure S2 , S3). We found that EDHAs do not differ in 291 their starting allele frequency, haplotype block length, average recombination rate or abso-292 lute selection coefficients from other haplotype blocks ( Figure S10 ). EDHAs are, however, 293 more strongly selected at the beginning of the experiment, but are equally strongly selected 294 as the remaining haplotype blocks at later generations ( Figure 5A ). Consistent with stronger selection at earlier time points, the selection signature of EDHAs is significantly more paral-296 lel across replicates after 20 generations of adaptation in both empirical and simulated data.
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( Figure 5B , S11). We attribute this observation to a phenomenon similar to the "winners 298 curse", that is that loci where stochastic effects increased the frequency in multiple repli-299 cates to enhance the contribution by selection are more likely to be detected. Window-based approach to detect regions enriched for candidate SNPs (colored in red). The same number of random SNPs (red squares) as candidate SNPs were sampled onto the genome repeatedly (n=1 000) taking starting allele frequencies into account. Windows enriched for candidate SNPs contain at least as many candidate SNPs as the 99 t h percentile of the randomly sampled SNPs. Sets of candidate windows were either compared pairwise (Figure 2) , or across multiple time points ( Figure  4 ). (C): Haplotype block discovery rate (HADR) = the fraction of candidate SNPs (blue squares in orange region) that were also discovered at a given time point (green squares). Figure S8 depicts the ratios for candidate sets that are not restricted to SNPs segregating in all generations and time points. While the HADR of most haplotype blocks increases with time, for nine haplotype blocks the HADR score fluctuated (2.7, 2.15, 2.23, 3.8, 3.9, 3.12, 3.24, 3.33, and 3.47). Because these haplotype blocks are mainly based on marginally significant candidate SNPs (Table S8) , they are more sensitive to random fluctuations, partly due to experimental noise, partly due to stochasticity of the simulations used to determine the significance threshold. s-5 Figure S3 : The first two principle components from a PCA based on the haplotype discovery rate (HADR) from generation 10 to generation 50. Each haplotype block is represented by a single dot. Blocks of the early detectable haplotype block (EDHA) cluster are colored in blue, others in purple. Table S4 : Fraction of candidate windows at generation 60, that are also candidate windows in all previous generations. a: windows size = 5 000 SNPs. SNPs do not necessarily segregate in all replicates and time points. b: window size =13 025 SNPs (a window with 13 025 SNPs result on average in a window length of 250 kb: that is half the step size in the sliding window approach used by Barghi et al. (2019) to reconstruct selected haplotype blocks) . SNPs do not necessarily segregate in all replicates and time points. c: window size =5 000 SNPs, which segregate in all replicates and time points. a b c 0.24% 0.28% 0.24% 
